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Mobile Scources
A. General Methodology

Costs were determined considering the per unit variable
costs of equipment and the fixed costs attributable to the FIP
requirement. Development costs and other fixed start up costs
were first amortized over generally a ten year period. A seven
(7) percent amortization rate was used. Then the stream of fixed
and variable costs were discounted over a thirty vear period to
determine a present value as of 1995 of this stream of costs. A
three (3) percent discount rate was used. Incremental costs to
the manufacturer/producer were determined on a per unit basis,
then summed over all units sold in the year. When an action was
being phased in (for example as an increasing percent of sales
with 100% of sales applicable to the FIP requirement in the third
vear), this was also reflected in the stream of variable costs;
development and other fixed start up costs were assumed to all
occur beginning with the start of the program (i.e., were not
phased in with production).

For programs being implemented only in a FIP area, the costs
attributable to the units affected in those FIP areas were
determined. For programs being implemented state wide, total
costs for state wide implementation were used. For programs
which also have a national component (i.e., for which the Agency
has or has plans to promulgate similar requirements applicable to
units sold in the rest of the states), the fixed costs were
distributed over total national sales to determine a per unit
average fixed cost; per unit average fixed and variable costs
were determined for each unit sold in California and:summed to
determine the California fleet costs.

Benefits were estimated in much the same way. The net
present value of benefits was calculated from the stream of
benefits over thirty years, discounted to 1995 using a three (3)
percent discount rate. If benefits only accrued to the FIP area
(i.e., the action only affected the FIP area), then only these
benefits were determined. For programs having state wide
penefit, state wide benefits were also calculated. The rationale
behind calculating these two sets of benefits is that, in the
first case, the action is being specifically mandated for the
purpose of improving the air quality in these FIP area. In the
second case, state wide benefits are calculated recognizing that
other areas of the State of California are also benefitting from
the emission reductions from this control measure. While being
caused by the FIP specific to the FIP areas, other areas with air
quality problems will benefit from the action. These other areas
may realize this benefit through subsequent adjustments of their
SIPs which may reduce the need for other individual actions,
perhaps lowering the local cost impact of the SIP. At a minimum,
the state wide emission reduction benefits from these FIP actions
will improve the air quality compliance margin in other areas,
with the attendant benefits in terms of growth potential without
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added air quality improvement costs, etc.

Cost effectiveness calculations can be made assuming either
calculation of emission reduction benefits. Clearly, for the
case when statewide costs are divided by FIP area-only benefits,
the cost-effectiveness ratio will be considerably higher compared
to the case where state wide benefits are used.

The following discusses the individual cost and benefit
analyses for each measure being adopted through this FIP rule.
any deviations from the general methodology discussed above or
special circumstances worthy of note are included in the
individual descriptions below.



I. ENHANCED I/M

The enhanced I/M program adopted in the FIP is a biennial,
centralized program with cutpoints of 0.6 for hydrocarbons (HC),
10 for CO, and 1.5 for NO,. These cutpoints are more stringent
than the cutpoints in EPA's performance standard for areas
requiring enhanced I/M under the CAA. The costs associated with
the FIP enhanced I/M program are based on the costs of the EPA
performance standard. Costs may be underestimated, however,
since all vehicles will be subject to more stringent cutpoints
which may lead to an increased number of failures and therefore
increased repair costs.

The total national costs and economic benefitg of the
enhanced I/M program (assuming a biennial program) are shown in
Table 1 (EPA, 1992). Per-vehicle costs, also shown in Table 1,
were derived from these total national costs by dividing by the -
number of vehicles subject to enhanced I/M. The nationwide cost
estimates are based on an annual per-vehicle inspection cost of
$9 for a biennial program. The cost to fix a transient test
fFailure that would also fail the 2500/idle test is estimated at
475. The average cost to repair vehicles failing the transient
test that do not fail the 2500/idle test is estimated at $150.
The overall average repair cost for transient failures is $120.

Costs for California and the individual FIP areas were
estimated by multiplying the per-vehicle costs by the estimated
vehicle registrations in each area. The enhanced I/M program
will apply to light-duty vehicles and trucks, as well as heavy-

duty gasoline vehicles. (This is broader in scope than the EPA
performance standard.) Vehicle registration data for California
are shown in Table 2 (AAMA, 1993). Included are automobile

registrations, light- and medium-duty truck registrations
(clasgified here as up to 14,000 lbs) and heavy-duty trucks
(classified as truck tractors). Heavy-duty trailers were not
included because these vehicles operate almost exclusively on
diesel. It was assumed that all truck tractors were gasoline,
although a portion of these may operate on diesel fuel. Since
costs for subjecting heavy-duty trucks to IM240 type tests have
not been documented, the per-vehicle cost for light-duty vehicles
was applied to these as well.

California registrations were allocated to each FIP area
based on 1990 population: 28.8 million for the State, 1.6
million for the Sacramento FIP area, 0.7 million for the Ventura
FIP area, and 13 million for the SCAQMD. Total registrations in
each FIP area were multiplied by the net per-vehicle cost to
estimate the total program cost. The results are shown in Table

3.



Table ]
National Costs of Enhanced I/M

Emission Emission Evap,
Test Evap. Test Fuel Fuel
Test Repair Repair Economy Economy Net
Cost Cost Cost Savings Savings Cost
Total Program Cost (mitlion 8) 451 489 221 (617) (208) 336
Per-Vehicle Cost (5/vehicle) 9.00 9.78 4.42 (12.34) (4.16) 6.70
Table 2
California Vehicle Registrations
(thousand vehicles)’
1991 1999 2005 2010
Automebiles 17,232 19,083 20,187 20,966
Light and Medium Trucks? 3,788 4,195 4,438 4,609
Heavy-Duty Trucks 114 126 134 139
TOTAL 21,863 23,404 24,759 25,714

! Wehicle registrations were grown to future years based on expected population growth in California (BEA,

1990).
7 Includes trucks of 10,000 pounds or less gross vehicle weight



Table 3
Enhanced I/M Program Costs

1999 2005 2010

California

Vehicle Registration (thousands) 23,404 24,759 25,714

Enhanced I/M Program Cost (million )" 156.8 165.9 172.3
Ventura

Vehicle Registrations (thousands) 569 602 624

Enhanced I/M Program Cost (million 8)’ 3.8 4.0 4.2
Sacramento )

Vehicle Registrations (thousands) 1,300 1,376 1,429

Enhanced I/M Program Cost (million 8)! 8.7 9.2 9.5
South Coast _

Vehicle Registrations (thousands) 10,564 11,176 11,607

Enhanced M Program Cost (million $)' 70.8 74.9 77.8

! The enhanced I/M program cost was estimated by applying the net per vehicle program cost of $6.70 (see Table
4.2 to the estimated vehicle registrations subject to enhanced I/M).

The South Coast FIP relies upon a single strategy, the
enhanced ingpection and maintenance (I/M) program, to meet the
emission reductions necessary to demonstrate attainment with the
CO standard in the South Coast FIP areas. The enhanced I/M
program is being promulgated as a control measure regquired to
achieve both the ozone and CO attainment in the South Coast FIP
area. The enhanced I/M program costs applicable to ecach FIP area
are included in the costs associated with meeting ozone
attainment. Incremental costs above the ozone standards are not
required to meet CO attainment in the south Coast; therefore, no
costs are specifically identifiable with achieving the CO
standard in the South Coast. Throughout this report, estimated
control costs and information collection request (ICR) costs are
reported for the South Coast FIP, and these costs represent those
required to meet ozone attainment and CO attainment in the South
Coast.



II. HEAVY-DUTY VEHICLES

Overview and General Methodolegy

Statewide annual costs are calculated over a thirty-year period
beginning with 2002, when the program first takes effect.
Fmission reductions are also calculated annually over thirty
vears. Total annual costs and emission reductions are converted
to net present value (1995) with a three percent discount rate
and compared to determine a program cost-effectiveness. Two
geparate technical approaches to emission reduction are analyzed,
the first relying on EGR and oxidation catalyst technology., the
second assuming reducing catalyst technology. Since nationwide
implementation of similar requirements is anticipated, the R&D
and other fixed up front costs are adjusted to reflect spreading
of costs across a national fleet. However, whereas only about
ten percent of heavy duty truck sales are in California, this
analysis assumes twenty percent of these fixed costs are
associated with this FIP in recognition of the fact that
California implementation will precede nationwide implementation

by a couple of years.

. The cost-effectiveness calculation is made for the three FIP
areas combined; no sensible way was available for determining a
cost-effectiveness value for each FIP area individually. Also,
since this program affects emissions statewide as well as in the
FTP areas, two separate cost-effectiveness can be calculated.

The numbers included in Tables I-1 and I-2 are cost-effectiveness
values for the combined FIP areas only. Since FIP area vehicle
miles traveled (VMT) is approximately 33 percent of statewide VMT
for all trucks sold in California subject to this action, the
FTP-area cost-effectiveness assumes total statewide costs but
only FIP area benefits. Statewide cost-effectiveness numbers
would aiso include benefits available from the VMT outside the
FTP areas affected by this action. The statewide cost-
effectiveness estimates would be $4545 per ton NOx reduction
using the EGR and oxidation catalyst assumption and $10,017 per
ton using the reducing catalyst technology assumption.

Methodology

Statewide costs are calculated over a thirty-year period on am
annual basis. Emission reductions are also calculated annually
over thirty years. Total annual costs and emission reductions
are converted to net present value (1995) with a three percent
discount rate and compared to determine a program cost-
effectiveness.
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Basic Assumptions

1. All costs are in constant 1995 dollars.

2. Statewide HDV population in 2010 comes from EMFAC7. EMFAC'S
estimate for 1990 HDV population is compared with the 2010 value
to derive an estimated linear growth of 2.1 percent per year.

3. Similarly, statewide VMT in 2010 comes from EMFAC7, with an
estimated linear VMT growth of 2.8 percent.

4. The FIP-area VMT estimate, needed to calculate emission
reductions, is from [CALISb]. 2005 VMT from Sacramento and
Ventura are added to the 2010 South Coast VMT to yield an
approximate total FIP-area VMT for 2010. VMT growth in FIP areas
is assumed to match statewide VMT growth (2.8 percent linear
growth per year).

5. Annual sales

There were 486,080 California new-truck registrations in 1992
(MVMA, 1993).

4.82% of total California truck registration are over 14,000
lbs. GVWR (MVMA, 1993). :

Grow 1992 sales to 2002 using HDV population growth estimates
(#1).

486,080*%0.0482=23,452 in 1992=> 28,377 in 2002

R&D

Total expenses assumed to be $150 million for whole fleet,
including research, all phases of development, testing, etc.
(excluding certification). This assumes 3 F1Es for two years at
$125, 000 per vear for each of 100 engine families. The estimate

is then doubled to cover costs for testing, supplies, materials
and other overhead items.

Assuming EPA follows up with a comparable national program
allows amortization of costs over vehicle sales nationwide
(starting in 2004). Approximately 10 percent of U.S. heavy-duty
vehicles are in California. Due to early start in California,
EPA assumed 20 % of R&D costs are attributed to California
trucks. The resulting $30 million estimate is amortized over 10

vears at 7 %.
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Variable Cost

Two scenarios are developed to provide a cost range. Variable
costs per vehicle are multiplied by 80 % of California's annual
sales for a statewide cost estimate (20 % of heavy-duty VMT is
from interstate trucks not affected by the FIP).

1. EGR & oxidation catalyst

Based on information adapted from Acurex, we estimate a total
variable cost of $3000 per vehicle for initial purchase price.
Engine modifications, including EGR, variabhle-geometry
turbocharger and advanced fuel injection, cost approximately
$2000 and the catalyst about $1000. Acurex lumped fixed and
variable costs for an estimate of around $11,000 per engine.

2. Reducing catalyst

Based on information from Acurex, we estimate a total variable
cost of $2000 per vehicle for initial purchase price, including
$1250 for the catalyst and $750 for fuel system modifications.
Fuel system modifications may include advanced fuel injection for
the engine to meet NOx standards.

Maintenance Cost

EPA assumed a median vehicle age of 12 years, based on MOBILES.
Maintenance costs were assumed at intervals over each vehicle's
1ifetime, then converted to a net present value for each model
year's sales. Separate maintenance estimates for the two
technology scenarios are multiplied by 80 % of California's
annual sales for a statewide cost estimate.

1. EGR & oxidation catalyst

General maintenance was assumed to increase by $134 per year
(Acurex). In addition, we assumed a one-time $2000 incremental
cost for a rebuild in the seventh year. By year seven, vehicles
in clagses 6-8A have accumulated 244,000 miles and class 8B
vehicles have accumulated 475,000 miles. The $2000 estimate is
reduced by 20 percent for those vehicles that are not rebuilt for
a calculated composite cost-effectiveness of $1600 per engine.
Catalyst replacement was assumed for year nine; MOBILE modeling
indicates that a composite heavy-duty vehicle reaches the 350,000
mile mark in its ninth yvear. The cost for the catalyst
replacement was assumed to be four times the initial cost, or

$4000.
2. Reducing catalyst
General maintenance was again assumed to increase by $134 per

vear (Acurex). Catalyst replacement was assumed for year nine.
The cost for the catalyst replacement was assumed to be four
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times the initial cost, or $5000.

Fuel Penalty
1. EGR & oxidation catalyst

No change in fuel consumption is estimated for incorporation of
EGR or an oxidation catalyst.

2. Reducing catalyst

A 7% increase in fuel consumption is assumed for a reducing
catalyst, assuming diesel fuel is used as a reducing agent. This
is consistent with Acurex's estimate. Increased fuel consumption
converts to 0.009 gal/mi, assuming an average baseline fuel
economy of 7.7 mpg for (2000 estimate for medium and heavy HDVs
from DOE Motor Fuel Consumption Model, 14th Periodical report,

Dec. 1988). Increased fuel consumption is multiplied by 80
percent of statewide annual VMT (excluding unaffected interstate
vehicles). Fuel is assumed to cost $1.20 per gallon. Using

MOBILES data for turnover rates, we can estimate the fraction of
VMT each year that is from 2002 and later model year vehicles.

C cost = HDV miles * FIP fraction of VMT fleet * increased fuel
use (gal/mi)* fuel cost ($/gal)

Recertification Costs

EPA assumed a cost of $260,000 per engine family to certify a
rebuild under the urban bus retrofit/rebuild program. The same
estimate will be used for the recertification (proposed as the
"rebuild program") program for the FIP. Total recertification
costs are reduced by 80 percent to estimate the California
portion of the cost burden, similar to the methodology for R&D

costs.,

Assuming three separate parties will be prepared to recertify
each engine family, the per-family cost is multiplied by three,
then multiplied by 100 engine families (approximate 1994
certification). This full cost of $15.6 million is assumed for
the first year of production. In subsequent years, the cost is
divided by three to account for the reduced compliance burden
with carryover of test data.



Taete T-1

Cost-effectiveness for Heavy-Duty Vehicles

[Calendar | Variable Testing/ Em. Red.
| Year | R&D Cost Maintenance Fuel Recert. Total cost tonsiyr
2002 4.271,325 68,104,800 96,174,296 0 15,600,000 184,150,421 2,070
2003 4,271,325 69,535,001 ‘98,193,956 0 5,200,000 177,200,282 3,891
2004 4271325 70,965,202 100,213,616 0 5,200,000 180,650,143 5,543
2005 4271325 72,385,402 102,233,277 0 5200,000 184,100,004 7,097
1 2006 4,271,325 73,825803 104,252,937 0 5,200,000 187,549,865 8,593
I 2007 | 4,271,325 75,255,804 106,272,597 0 5200,000 190,999,726 10,034
| 2008 4271325 76,686,005 108,292,257 0 5200,000 194,449,587 11,373
2009 . 4,271,325 78,118,206 110,311,917 0 5,200,000 197,899,4481 12,583
2010 4,271,325 79,546,406 112,331,578 0 5,200,000 201,349,309{ 13,691
2011 4,271,325 80,976,607 114,351,238 0 5200000 204,799,170 14,689
2012 82,406,808 116,370,898 0 5,200,000 203,977,706 15,601
12013 83,837,008 118,390,558 0 5,200,000 207,427,567 16,421
12014 85,267,210 120,410,219 0 5,200,000 210,877.428 17,180
2015 86,697,410 122,429,879 0 5,200,000 214,327,289 17,905
2016 88,127,611 124,449,539 0 5,200,000 217,777,150{ 18,608
2017 89,657,812 126,469,199 0 5,200,000 221,227,011 19,281
2018 90,988,013 128,488,859 0 5,200,000 224,676,872| 19,927
2018 92,418,214 130,508,520 0 5,200,000 228,126,733 20,548
2020 93,848,414 132,528,180 0 5,200,000 231,576,594 21,155
i 2021 95,278,815 134,547,840 0 5,200,000 235,026,455 21,742
2022 96,708,816 136,567,500 0 5,200,000 238,476,316 22,321
2023 98,139,017 138,587,160 0 5200,000 241,926,177] 22,895
2024 . 99,569,218 140,606,821 0 5,200,000 245,376,038 23,474
2025 100,099,418 142,626,481 0 5,200,000 248,825,899 24,056
2026 102,429,619 144,646,141 0 5,200,000 252,275,760 24,536
2027 103,859,820 146,665,801 0 5,200,000 255,725,621 25,010
2028 105,290,021 148,685,462 0 5,200,000 259,175,482| 25485
2029 106,720,222 150,705,122 0 5,200,000 262,625,343 25,959
2030 108,150,422 152,724,782 0 5,200,000 266,075,204 26,434
2031 109,580,623 154,744,442 0 5,200,000 269,525,065 26,808
npv (1995) = 3,415,846,490 250,514
Cost-effectiveness = $13,635 perton
Assumed variable cost = $3,000
R&D amortization:
cost = 3.0E+07  (20% of total R&D cost allocated to California saies)
rate = 7%

Fuel economy penalty =
Maintenance costs

age

Incremental
maintenance
costs

Do~ b O =

$4.236

$134
$134
$134
$134
$134
$134
$1,734
§134
$4,134
$134
$134
$134

0%




TABLE-T-3.

Cost-effectiveness for Heavy-Duty Vehicles

Calendar Variable Testing/ Em. Red.
Year R&D Cost Maintenance Fuel Recert. Tatal cost tonsfyr
2002 | 4,271,325 45,403,200 85,802,597 39,440,831 15,600,000 190,618,014 2,070
2003 | 4,271,325 46,356,667 87,706,552 74,147,160 5,200,000 217,681,705 3,891
2004 4,271,325 47,310,134 89,510,506 105,637,255 5,200,000 251,929,221 5,543
2005 | 4,271,325 48,263,602 91,314,461 135,240,785 5,200,000 284,290,173 7,097
2006 ; 4,271,325 49,217,069 83,118,416 163,759,083 5,200,000 315,565,892 8,593
2007 ! 4,271,325 50,170,536 94,922,370 191,224,826 5,200,000 345,789,057 10,034
2008 , 4271326 51,124,003 96,726,325 216,731,415 5,200,000 374,053,068| 11,373
2009 ! 4,271,325 52,077,470 98,530,279 239,794,874 5,200,000 399,873,949| 12,583
2010 4,271,325 53,030,938 100,334,234 280,910,545 5,200,000 423,747,042 13,691
2011 4,271,325 53,884,405 102,138,188 279,933,893 5,200,000 445,527,813 14,689
2012 54,937,872 103,042,143 297,310,825 5,200,000 461,390,940( 15601
2013 55,891,339 105,746,097 312,929,908 5,200,000 479,767,345 16,421
2014 56,844,806 107,550,052 327,404,502 5,200,000 496,999,360 17,180
2015 57,798,274 109,354,006 341,207,057 5,200,000 513,559,337| 17,805
2016 58,751,741 111,157,961 354,603,781 5,200,000 529,713,482 18,608
2017 59,705,208 112,961,916 367,429,988 5,200,000 545297,112| 19,281
2018 60,658,675 114,765,870 379,747,291 5,200,000 560,371,836| 19,927
2019 61,612,142 116,569,825 391,587,721 5,200,000 574,969,688 20,548
2020 62,565,610 118,373,779 403,155,875 5,200,000 589,295,264| 21,155
2021 63,519,077 120,177,734 414,340,154 5,200,000 603,236,965| 21,742
2022 64,472,544 121,981,688 425,366,854 5,200,000 617,021,086 22,321
2023 65,426,011 123,785,643 436,307,789 5,200,000 630,719,443{ 22,895
2024 . 66,379,478 125,589,597 447,331,905 5,200,000 644,500,981 23,474
2025 67,332,946 127,393,552 458,439,203 5,200,000 658,365,700 24,056
2026 68,286,413 129,197,506 467,572,364 5,200,000 670,256,283 | 24,536
2027 69,230,880 131,001,461 476,613,818 5200000 682,055,159 25,010
2028 70,193,347 132,805,415 485,655,273 5,200,000 693,854,035 25,485
2029 71,146,814 134,609,370 494,696,727 5,200,000 705652,812| 25,959
2030 72,100,282 136,413,325 503,738,182 5,200,000 717,451,788| 26,434
2031 73,053,749 138,217,279 512,779,636 5,200,000 729,250,664( 26,908

npv (1995) = 7,528,450,684 250,514
Cost-effectiveness = $30,052 per ton
Assumed variable cost = $2,000
R&D amortization:
cost = 3.0E+07  (20% of total R&D cost allocated to California sales)
rate = 7%

Fuei economy penalty =
Maintenance costs

age

Incremental
maintenance
costs

=N
COONOOPELWN—-

—t
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npv=

$134
$134
$134
$134
$134
$134
$134
$134
$5,134
$134
$134
$134

$3,784

7%

-l

3
(93]

<onm



TABLE T-3

Base mpg= 7.7
Increase in fuel consumption= 7.0%
Incr. in fuei consumption (gal/mi)= 0.00909

VMT growth = 2.80%

Cost From Iincreased Fuel Consumption

Calendarr HDV VMT __ VMT from Increase in Fueilcost,| Calendar
__year* Statewide** new eng.'s FC, gal/mi $/gal Year Cost
| 2002 & 62,930,411 15.7% 0.00909 1.20 $39,440,891
| 2003 65,201,096 28.6% 0.00908 1.20 $74,147,160
1 2004 ‘ 67,471,781 39.3% 0.00908 1.20 ($105,637,255
| 2005 | 69,742,466 48.7% 0.00909 1.20 |$135,240,785
| 2008 | 72,013,151 57.1% 0.00909 1.20 $163,759,083
i 2007 74,283,836 64.7% 0.00908 1.20 $191,224,826
2008 76,554,521 71.1% 0.00909 1.20 i%$216,731,415
1 2009 ; 78,825,205 76.4% 0.00909 1.20 1$239,794,874
i 2010 | 81,085,890 80.8% 0.00809 1.20 |$260,910,545
L2011 83,366,575 84.3% 0.00909 1.20 [$279,933,895
- 2012 ‘ 85,637,260 87.2% 0.00809 1.20 |$297,310,925
. 2013 | 87,907,945 89.4% 0.00909 1.20 1$312,929,908
i 2014 90,178,630 91.2% 0.00909 1.20 1$327,404,502
2015 92,449,315 92.7% 0.00809 1.20 [$341,207,057
2016 94,720,000 94.0% 0.00909 1.20 |$354,603,781
2017 96,990,685 95.1% 0.00909 120 [$367,429,988
2018 99,261,370 96.1% 0.00909 1.20 |$379,747,291
2019 101,532,055 96.9% 0.00909 1.20 |$391,587,721
2020 103,802,740 97.5% 0.00908 1.20 |$403,155,875
' 2021 |, 106,073,425 98.1% 0.00909 1.20 |$414,340,154
1 2022 | 108,344,110 98.6% 0.00909 1.20 |$425,366,854
2023 110,614,795 99.1% 0.00909 1.20 |$436,307,789
2024 112,885,479 99.5% 0.00908 1.20 |$447,331,905
2025 115,156,164 100.0% 0.00909 1.20 1$458,439,203
2026 117,426,849 100.0% 0.00909 1.20 $467,572,364
2027 119,697,534 100.0% 0.00909 1.20 |$476,613,818
2028 121,968,219 100.0% 0.00809 1.20 |$485,655,273
2029 124,238,904 100.0% 0.00909 1.20 |$494,696,727
2030 126,509,589 100.0% 0.00909 1.20 |$503,738,182
2031 128,780,274 100.0% 0.00909 1.20 |$512,779,636

*2010 is the base year for VMT estimates
**Reduced by 20% to exclude out-of-state trucks
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NOx Emission Factors Emred. |

Fuel - 2010base | new end. g/mi |
Diesel = 5.53 ; 3.80 - 173
Gasoline | 401 | 28 | 115

EF's, from CALI5Sb, represent lifetime average emission level.

Emission Reductions

; Calendar FIP area VMT/day Emission red., g/mi[ VMT from | Em. red.,
. _Year diesel | gasoline diesel | gasoline |New eng.'s| tons/yr
T 2002 14,062,982 7,322,336 1.73 1.16 15.7% 2,070
: 2003 | 14,570,410 7,586,544 1.73 1.15 28.6% 3,891
| 2004 | 15,077,837 7,850,752 1.73 1.15 39.3% 5,543
; 2005| 15,585,264 8,114,960 1.73 1.15 48.7% 7,097
i 2006 | 16,092,691 8,379,168 1.73 1.15 57.1% 8,693
| 2007 | 16,600,118 8,643,376 1.73 1.15 64.7%| 10,034
; 2008 | 17,107,546 8,907,584 1.73 1.15 71.1%| 11,373
2009 17,614,973 9,171,792 1.73 1.15 76.4%| 12,683
20101 18,122,400 9,436,000 1.73 1.15 80.8% | 13,691
2011 18,629,827 9,700,208 1.73 1.15 84.3%| 14,689
2012} 19,137,254 9,964,416 1.73 1.15 87.2%| 15,601
: 2013 | 19,644,682 10,228,624 1.73 1.15 80.4%| 16,421
} 2014 | 20,152,109| 10,492,832 1.73 1.15 91.2%| 17,180
2015| 20,659,536| 10,757,040 1.73 1.15 92.7%: 17,905
2016| 21,166,963 | 11,021,248 1.73 1.15 84.0%| 18,608
2017 21,674,390 11285456 1.73 1.15 95.1%| 19,281
2018| 22,181,818 11,549,664| 1.73 1.15 96.1%| 19,927
2019| 22,689,245] 11,813,872 1.73 1.15 96.9%| 20,548
2020 23,196,672 12,078,080 1.73 1.156 97.5%| 21,155
2021 23,704,099 | 12,342,288 1.73 1.16 098.1%| 21,742
2022| 24,211,6526| 12,606,496] 1.73 1.15 08.6% 22,321
; 2023 | 24,718,954 12,870,704 1.73 1.16 99.1%| 22,895
i 2024 | 25,226,381} 13,134,912 1.73 1.15 99.5% | 23,474
2025| 25,733,808| 13,399,120 1.73 1.15 100.0%| 24,056
2026 26,241,235| 13,663,328| 1.73 1.15 100.0%| 24,636
2027| 26,748,662| 13,927,5636] 1.73 1.15 100.0%| 25,010
2028 | 27,256,090 14,191,744 1.73 1.15 100.0%| 25,485
2029| 27,763,517 14,455,952 1.73 1.15 100.0%| 25,959
2030| 28,270,944! 14,720,160 1.73 1.15 100.0%| 26,434
2031] 28,778,371| 14984368| 1.73 1.15 100.0% | 26,908

*2010 is the base year for VMT estimates
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TAELE - T-5

VMT distribution vs. age for HDVs over 14,000 lbs. GVWR

[ Gas Diesel u
L Population Population Population Population | Weighted Cumulative
i‘Agg_jA_llgi_M Class 4-5 fraction | lass 6-8 Cumulative fraction | Class 88 Cumulative fraction %
1 18,211 19.8% 23,611 § 43, 43, 49, ' ) N V '
2| 18,767 15.8% 20,947 0.0% 40,504 84,450 49.5% 79,434 165,809 30.7% 47,771 111,122
3 15,437 19.8% 18,583 0.0% 37,332 121,782 49.5% 73,051 238,860 30.7% 43,976 155,099
P4 14,213 15.8% 16,486 0.0% 34,408 156,190 49.5% 67,181 306,041 30.7% 40,483 195,582
T8 13.086 19.8% 14,625 0.0% 31,713 187,903 49,5% 61,782 367,823 30.7% 37,268 232,849
i 8 12,048 19,8% 12,975 0.0% 29229 217,132 49.5% 56,817 424,640 30.7% 34,307 267,157
b7 11,093 19.8% 11,511 0.0% 26,938 244,071 49.5% 52,252 476,852 30.7% 31,682 298,738
8 10,213 19.8% 10,212 0.0% 24,829 268,900 49.5% 48,053 524,945 30.7% 29,074 327,813
9 9,403 19.8% 9,059 0.0% 22,885 29,785 49.5% 44,191 569,136 30.7% 26,765 354,578
| 10 8,657 19.8% 8,037 0.0% 21,092 312,877 49,5% 40,640 609,776 30.7% 24639 379,216
i 11 7,971 19.8% 7,130 0.0% 19,440 332,317 49,5% 37,374 647,150 30.7% 22,682 401,898
12 7,339 19.8% 6,325 0.0% 17,918 350,235 49.5% 34,371 681,521 30.7% 20,881 422,779
113 6,757 19.8% 5,612 0.0% 16,514 366,749 49.5% 31,609 713,130 30.7% 19,222 442,001
1 14 6,221 19.8% 4,978 0.0% 15,221 381,970 49,5% 29,069 742,199 30.7% 17,696 458,697
io15 5,728 19.8% 4,416 0.0% 14,029 395,999 49.5% 26,733 768,932 30.7% 16,290 475,987
{1 16 5273 19.8% 3,918 0.0% 12,930 408,929 '49.5% 24,585 793,517 30.7% 14996 490,983
117 4,855 19,8% 3,476 0.0% 11,917 420,846 49.5% 22,609 816,126 30.7% 13,805 504,789
| 18 4,470 19.8% 3,084 0.0% 10,984 431,830 49.5% 20,792 836918 30.7% 12,709 517,498
i 19 4,116 19.8% 2,736 0.0% 10,123 441,953 49.5% 19,121 856,038 30.7% 11,699 529,197
i 20 3,789 19.8% 2,427 0.0% 9,331 451,284 49,5% 17,585 873,624 30.7% 10,771 539,968
|21 3,789 19.8% 2,427 0.0% 9,331 460,615 49.5% 17,585 891,209 30.7% 10,774 550,739
22 3,789 19.8% 2,427 0.0% 9,331 469,946 49.5% 17,585 908,794 30.7% 10,771 561,510
i 23 3,789 19.8% 2,427 0.0% 0,331 479,277 49.5% 17,585 926,379 30.7% 10,771 572,281
| 24 3,789 19.8% 2,427 0.0% 9,331 488,608 49,5% 17,585 943,964 30.7% 10,771 583,062
i 25 3,789 19.8% 2,427 0.0% 9,331 487,939 49.5% 17,585 961,549 30.7% 10,771 593,822
| 26 3,789 19.8% 2,427 0.0% 9,331 507,270 49.5% 17,585 979,134 30.7% 10,771 604,593
27 3,789 19.8% 2,427 0.0% 9,331 516,601 49.5% 17,585 996,719 30.7% 10,771 615,364
28 -3,789 19.8% 2,427 0.0% 9,331 525,932 49.5% 17,585 1,014,304 30.7% 10,771 626,135
29 3,789 19.8% 2,427 0.0% 9,331 535,263 49.5% 17,585 1,031,889 30.7% 10,771 636,906
30 3,789 19.8% 2,427 0.0% 9,331 544 594 49.5% 17,685 1049474 30.7% 10,771 647 677
Vehicle stock distribution for 2000 (calendar year} ~MOBILE4 Fuel Consumption Mode!
} %iass
4 5 [ 7 busas 8a 8b
‘nop. (millions) 149,000 346,000 847,000 1,771,000 \ 578,000 1,588,000]
diesel fraction 0.00 0.00 0.70 0.70 1.00 1.00 1.00
gas vehicles 148,000 345,000 254,100 531,300 0 0 0
idiesel vehicles 0 0 592900 1,239,700 789,000 578,000 1,988,000
Gas Diesel
all Class
classes 4-5 6-8a gb sum
combined pop. | 1,280,4 0 3.?55.353 1,088,000 6,468,
normalized 19.8% 0.0% 49.5% 30.7% 100.0%
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ITII. ILEV FLEET PRCGRAM

Overview and General Methodology

Estimates are made of the volume of vehicles covered by this
action in each of the FIP areas. Annual costs and benefits are
determined, based on estimates which are assumed to include
amortized R&D costs and other fixed costs, variable costs to the
manufacturer. EPA believes that operating costs to the fleet
operator will not change significantly. Costs are distributed
among the FIP areas in proportion to the estimate of vehicle
volumes affected. Costs and benefits are determined for a
thirty-year period assuming growth in the number of required ILEV
fleet vehicles per year similar to that developed for the Clean
Fuel Fleet program. This stream of costs and benefits is then
discounted to determine a net present value of costs and benefits
in each FIP area.

Basic Assumptions

Based on EPA's analysis in support of the Clean Fuel Fleet
rulemakings, there will be in 1998 4.7 million LDVs, 2.8 million
LDTs, and 1.0 million HDVs up to 26,000 lbs GVWR, respectively,
in fleets of 10 or more nationwide (federal definitions for LDT
and HDE) .* EPA also estimated that 47 percent, 56 percent, and
80 percent of these LDVs, LDTs, and HDVs, respectively, were in
fleets of 10 or more vehicles which were capable of being
centrally fueled. Based on EPA's analysis for the recent
Reformulated Gasoline rulemaking, gasocline consumption in the FIP
nonattainment areas is 5.18 percent of nationwide gasoline
consumption (South Coast, 4.93; Ventura, 0.25). Asgsuming no
significant difference in fuel consumption per vehicle between
the FIP areas and the rest of the nation, EPA estimates that 5.18
percent of nationwide fleet vehicles are operated in the FIP
areas. Thus the ILEV fleet program should affect about 243,500
LDVs, 145,000 LDTs, and 52,000 HDVs. About 48 percent of
federally-defined fleet LDTs and 58 percent of federally-defined
HDEs fall into California's MDV class. Thus, the following
numbers of covered fleet vehicles can be projected for the FIP
areas in terms of California vehicle classes: 243,500 LDVs,
75,500 LDTs (CA), 99,500 MDVs, and 7,000 HDVs (CA).

Any vehicles certified to have very low or zero inherent
evaporative emissions, including vehicles certified as federal
ILEVs or as ZEVs, will meet the ILEV evaporative reguirements of
the ILEV fleet program, regardless of their fuel type. At this
time, it appears that in the early years of the program,
dedicated compressed natural gas (CNG) vehicles will be the
predominate vehicle type purchased by fleets to comply with the
program, although a small number of ZEVs and dedicated LPG

'Regulatory Impact Analysis for the Clean Fuel Fleet
Program, U.S. EPA, June 1994.
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vehicles may also used as compliance vehicles. Vehicles designed
to operate on pure alcohols, although developed and demonstrated
for heavy-duty applications, may not be available for light-duty
applications in the early years of the ILEV fleet program. For
gasoline MDVs and HDVs covered by the ILEV fleet program, EPA
also expects CNG to predominate in the early years of the
program, with small numbers of ZEVs, dedicated LPG vehicles, and
pure alcohol vehicles also being purchased. California MDV and
HDV diesels will probably meet the ILEV evaporative reguirement
and thus will not generally be replaced by alternative fuel
vehicles.

EPA estimates that the incremental cost of CNG vehicles over
the cost of a conventional California vehicle will be $2000 or
less per vehicle for LDVs and LDTs and $2000-4000 for MDVs and
HDVs in the ILEV fleet program. For this cost/effectiveness
analysis, EPA used $2000 per vehicle for LDVs, LDTs and MDVs and
$4000 per vehicle for HDVs. These costs are primarily due to the
addition of high-pressure CNG cylinders. These costs may be
lower if some gasoline vehicle exhaust emission controls can be
avoided in CNG vehicles. EPA has not made separate estimates of
costs for vehicles of other fuel types since their numbers in the
"ILEV fleet program are likely to be small, at least in the early
yvears of the program.

While wholesale natural gas is much cheaper than gasoline,
the cost of compression and distrxibution can result in CNG
costing either more or less than gasoline on an energy equivalent
basis depending on the relative prices of natural gas and crude
0il at the time. Thus, the vehicle acquisition costs above
provide a reasonable upper limit for the overall acquisition/
perating cost of a CNG-fueled vehicle complying with the ILEV
fleet program.

Based on the vehicle turnover rates analyzed in the Clean
Fuel Fleet final rule, the phasing in of ILEVs in the ILEV fleet
program will be largely complete by about 2010. In subsequent
vears, 70 percent of covered fleet LDVs and LDTs, and 50 percent
of covered fleet MDVs and HDVs will be ILEVs. For the 30-year
cost analysis, EPA ramped the vehicle numbers up to these levels
from 1999 to 2010, applied per-vehicle costs ($2000 for
LDVs/LDTs/MDVs and $4000 for HDVs) for each of 30 years. We then
calculated the net present value cost, and divided by 30 years
for a thirty-year average annual cost of about $60.9 million per
year for the thxee FIP areas.

Twwo

EPA calculated emission reduction estimates based on
California's SIP inventory estimates for ROG. Estimating that 8
percent of VMT is in fleets covered by the ILEV fleet program, we
assumed that the ILEV fleet program would eliminate all
evaporative emissions from this 8 percent of the fleet once the
fleet had fully turned over based on vehicle population growth
figures from the EPA MOBILE4 Fuel Consumption Model. To generate
30 years of reductions, we ramped up the emission reductions over

JAN 2 7 1995



the first 10 vears of the program. This amounts to approximately
1,669 tons of pollutants per year (4.57 tons per day) for 2010
and beyond. This analysis produced a discounted average annual
emission reduction of about 872 tons per year, or 2.39 tons per
day total for the FIP areas.
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Iv. MEDIUM-DUTY VEHICLES

Overview and General Methodology

Annual costs and benefits for this action were determined for a
thirty-year period starting in 1998, and discounted to 13895 to
determine a net present value. Since this program affects
medium-duty vehicles sold throughout California, costs were
determined for their statewlde impact. Benefits in the FIP areas
were calculated based on the estimated percent of VMT in the FIP
areas. The discounted stream of these costs and benefits was
used to determine the cost-effectiveness value described below.

A combined value for tons of NMHC and NOx reduction is used for
the benefits since it is impossible to distribute costs between
these two pollutants and in recognition of their combined
influence on ozone NAAQS attainment. The cost-effectiveness
calculation is made for the three FIP areas combined; no sensible
way was available for determining a cost-effectiveness value for
each FIP area individually. As with other statewide programs, a
statewide cost-effectiveness value can also be calculated. It is
estimated that about 48 percent of California's MDV VMT will be
in the three FIP areas. Considering the emission reductions due
to VMT in the rest of the state results in a cost-effectiveness
value of $4,390/ton of the combined NMHC and NOx reductions.

Basic Assumptions

MDV sales in California were estimated based on nationwide
sales and the fraction of vehicles registered in California.
According to AAMA's Facts and Figures book, the 1993 nationwide
sales of MDVs (GVWR between 6,000 and 14,000 pounds) was
1,259,332. In addition, approximately ten percent of nationwide
new car and truck registrations were in California. Therefore,
the number of MDVs sold in California in 1993 was estimated to be
125,933. Sales were estimated to grow at 2.1 percent per year,
consistent with the estimates of sales growth used for heavy-duty
vehicles. VMT per vehicle was estimated to grow at 0.7 percent
per year, also consistent with the estimates of VMT growth used
for heavy-duty vehicles. When combined with growth in sales,
total MDV VMT was estimated to grow at 2.8 percent per year.

The fraction of California VMT in the three FIP areas was
determined on the basis of 1990 MDV VMT estimates contained in
CARB's EMFAC model (see below). The same fraction was assumed
for all years modelled. '

’Area | 1980 MDV VMT £1000 miles/daxz |

South Coast 13639
Sacramento 2426
Ventura 807
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Total FIP areas 16872
California 35187

Fraction of California MDV VMT 0.48
in FIP areas

Cost

Under CARB's current regulations, manufacturers were to begin
the phase in of MDVs meeting LEV and ULEV standards starting in
1998 (see below). Under the FIP, EPA is requiring manufacturers
to comply with a more stringent phase in of the MDV LEV and ULEV
standards (see below). Therefore, in determining the costs of
the MDV FIP program, EPA estimated the cost based on the
incremental difference between CARB's current requirements and
the FIP requirements (i.e., the increased phase in requirements
for MDV ULEVs).

Current CARB Phase-in FIP Phase-in Schedule
Year Schedule
% LEVs % ULEVs % LEVs % ULEVs
1958 25 2 10 10
1999 50 2 25 25
2000 75 2 50 50
2001 95 5 25 75
2002 90 10 0 100
2003 85 15 0 100

The incremental cost between a MDV meeting the LEV standards
and one meeting ULEV standards was estimated based on cost
information contained in CARB's staff report "1994 Low-Emission
Vehicle and Zero-~Emission Vehicle Program Review" and CARB's
report "Proposed Regulations for Low-Emission Vehicles and Clean
Fuels, Technical Support Document." As described in the
technical support document for the FIP, EPA believes that the MDV
ULEV standards are similar in stringency to the light-duty
vehicle LEV standards. EPA also believes that similar
technologies will be used on MDVs to meet the ULEV standards as
will be used on light-duty vehicles to meet the LEV standards
(and perhaps ULEV standards to a limited extent), with
appropriate modifications. Therefore, in estimating the cost for .
MDVs to meet the ULEV standards EPA relied upon CARB's cost
estimates for meeting the light-duty vehicle low-emission vehicle



program standards. EPA used CARB's cost estimates for the
largest light-duty vehicles (8-cylinder) because most MDVs are
likely to be powered by similar engines. CARB estimated the cost
for an 8-cylinder light-duty vehicle to be approximately $72 to
meet the LEV standard and approximately $212 to meet the ULEV
standard (both estimates are incremental to the TLEV standard).
EPA weighted these light-duty vehicle cost estimates by 80 and 20
percent, respectively, to yield a cost of $100 per vehicle. 1In
order to account for the differences between light-duty and
medium-duty wvehicles, EPA increased the cost by $20, the
incremental cost between light-duty and medium-duty wvehicles
cited in CARB's technical support document noted above.
Therefore, the incremental cost for MDVs to comply with the FIP
requirements was estimated to be $120 per vehicle.

EPA believes that the technology used to comply with the more
stringent FIP requirements, such as electrically heated
catalysts, could result in a small fuel economy penalty.
Therefore, EPA assumed a two percent fuel economy penalty for all
vehicles subject to this action in estimating the overall cost of
the program.

. Combining the per vehicles costs and the fuel economy penalty
over the 30-year period after which the FIP regquirements take
effect, vields a discounted (to 1995) cost of $599 million.

Emission Reductions

In a manner similar to the cost analysis, NOx and NMHC emission
benefits were determined by comparing the incremental difference
between CARB's current requirements and the FIP requirements
(i.e., the increased phase in of the ULEV standards). It should
be noted that CARB has five subcategories of MDVs. EPA based its
analysis on the standards for the middle of the five
subcategories, the subcategory in which most MDVs are expected to
be certified. EPA estimated the fleetwide NOx and NMHC emission
reductions taking into account annual mileage accumulation rates,
emission deterioration rates, and fleet turnover statistics based
on the information contained in EPA's CALIS5 emissions model.

EPA's calculation of fleetwide emission reductions during the
30-year period after which the FIP requirements take effect,
vields a discounted (to 1995) emission reduction of 57,029 tons
of NOx and 8,439 tons of NMHC, or a total of 65,468 tons of
pollutants.

Cost-Effectiveness

To calculate cost-effectiveness, EPA divided the statewide
costs of the MDV program by the FIP area emission benefits (NOx
and NMHC combined) of the MDV program. The resulting 30-year
discounted cost-effectiveness is $9,150 per ton of pollutant
reduced. |
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VL FIP Cost/Benefit Analysis for
>50 HP Nonroad Engine Standard

The purpese of this document is to describe the methodology
used by EPA to determine the cost effectiveness of a 4.0 g/hp-hr
NOx standard for new nonroad.engines with a rated power of 50
horsepower or greater. To allow manufacturers some flexibility
in converting their product lines, the standards are phased-in by
rated engine power over four years. The phase-in schedule is as
follows: 175-750 hp in 2002, 100-175 hp in 2003, 50-100 hp in
2004, and 750+ hp in 2005. This cost/benefit analysis presents
emission benefits in the FIP areas, technology mix of engines,
costs for all of California, and a final cost/benefit result.

Emigsion Benefits

This section presents the methodology used to determine the
FIP area benefits of a 4.0 g/hp-hr standard on large nonroad
engines. Emission benefits are presented both as per-engine
- benefits and total FIP area benefits. Per-engine benefits are
the tons of NOx reduced from an engine over the lifetime of that
engine. Total FIP area benefits show the yearly reduction of NOx
in the FIP areas as the result of the turnover from old engines
to new engines certified to a 4.0 g/hp-hr NOx level. The key
parts of this analysis are engine population, aggregate source
NOx reductions, and per-engine NOx reductions.

Engine Population

The three California FIP areas are South Coast, Sacramento,
and Ventura. California's Air Resources Board (ARB) supplied EPA
with 1990 NOx (tpsd) estimates and linear growth rates for each
of these three areas. By using data from the Nonroad Engine and
Vehicle Emissions Study,' EPA was able to determine a 1990 engine
population for South Coast. By coupling this data with the data
supplied by ARB, annual populations were determined. The 1990
large nonroad engine populations and linear growth rates are
presented in the following table:

FIP Area 1990 Engine Popé?gﬁfzsé and Linear Growth Rates N
FIP Area 1990 Population ____Linear Growth ]
South Coast 64,500 - 2.89%
Sacramento 4,500 1.70%
Ventura 1,800 1.39%
Total 70,900 -=
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Aggregate Source NOx Reductions

The following information is needed for each engine category
affected by this rule to calculate annual tons of NOx emitted:
rated power, load factor, annual hours of operation, emission
factor, and engine population. For this analysis 35 engine
categories were used. FEach category was further divided into
gpark~ignition and compression-ignition engines due to the
differences in operation and emissions between these engine
types. Due to the phase-in of the standards by power ranges,
the categories were further divided into four power groupings.

The engine operation information above was taken from the
nonroad study.' To calculate 1990 baseline NOx emissions for
each category, the following formula was used (the total NOx
inventory was determined by summing up the NOx emissions from
each category):

MASS = POP X HP X LOAD X HOURS X EF

where:
MASS = FIP area NOx emissions {(grams) for that category
POF = category population
HP = category average rated power (horsepower)
LOAD = ratio (%) between average operational power and
rated power
HOURS = average annual hours of engine operation
EF = category average NOx emission factor (g/hp-hr)

The above equation was used to calculate emissions for each
of the years following the baseline years. Changes in population
due to engine sales and survival rates were accounted for.

Linear growth rates supplied by ARB were applied to sales.
Survival probability was based on a 16 year average useful life
which resulted in maximum survivability of 30 years for this
analysis.?

Changes in emission factors due to emission control
technologies were applied to new engine sales. Emission factors
were affected by a national 6.9 g/hp-hr NOx standard for
compression-ignition engines phased-in from 1986 to 2000 and a
California 5.8 g/hp-hr NOx standard for compression-ignition
engines from 175 to 750 hp beginning in 2001. The 4.0 g/hp-hr
NOx standard was phased-in from 2002 to 2005. California engines
were assumed to emit seven percent lower NOx than a national
standard would require due to the reformulated fuel used in
California. Annual NOx emissions for the FIP areas are presented
in Figure 1: -

Per-Engine NOx Reductions

EPA also calculated NOx benefits as a per-engine emission
reduction. Per-engine reductions are presented both as annual
and lifetime NOx reductions. Benefits described in this section

JAN 27 1999
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Figure 1l: Projected FIP Area NOx Emissions from Nonxoad
Engines with Rated Power of 50 Horsepower or Greater

are presented as NOx reductions in the FIP areas divided by the
number of engines sold in California.

Annual per-engine NOx was calculated by dividing the annual
NOx from the total FIP area engine inventory by the number of
engines in operation in California. NOx reduction was calculated
as the difference between per-engine NOx with and without a 4.0
g/hp-hr NOx standard. The annual per-engine NOX levels with and
without this standard were 0.07 and 0.04 tons, respectively.
Therefore, the annual per-engine NOx reduction is 0.03 tons.

To determine the lifetime per-engine NOx reduction, an
estimate for survival rate was needed. Survival rates from the
nonroad compression-ignition engine rulemaking? were used. As
annual emissions are directly related to annual usage, EPA
calculated lifetime per-engine NOx reductions using the following

formula:

7=

L%Ox =A%Ox, ang ) {S XAU
F=

b rel, j}

the age of the engine
the likelihood than an engine of age j
remains in service

.
i
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the average annual reduction in per-engine
NOx emissions

relative annual usage of an engine of age jJ
lifetime per=-source reduction in NOx

NOx, avg

rel, ]

LR
HOx

o

Because the reductions calculated above occur as a stream of
annual reductions occurring over the lifetime of the engine, EPA
also calculated the discounted value of the emissions using

1w 5 XAU
LR =AR Xy L—rold

NOox,disc NOx,avg -0.5
_ m (1+n)

Here, the interest rate used for discounting is indicated by r.
A three percent discount rate was used. The final lifetime NOx
reduction is 0.43 tons without discounting. This amounts to a
lifetime NOx reduction of 0.33 tons with discounting.

Technology Mix

This section presents the anticipated technology mix of
California engines complying to a 4.0 g/hp-hr NOx new engine
standard. Both compression-ignition (CI) and spark-ignition (SI)
nonroad engines with a rated power of 50 horsepower or above are
assumed to need modifications to meet the NOx standard.

Compression-Ignition Engines

Compression-ignition nonroad engines that are affected by
this FIP will have already complied to national standards. These
standards will be phased in from 1996 to 2000 and will include a
6.9 g/hp-hr NOx requirement. FIP area compression-ignition
engines ranging from 175 to 750 horsepower will be designed to
meet a California 5.8 g/hp-hr NOx standard which goes into effect
in 2001.

EPA believes that compression-ignition nonroad engines can
meet the 4.0 g/hp-hr NOx standard through enhanced aftercooling,
combustion chamber design and calibration changes, and fuel
system improvements. Exhaust gas recirculation and
aftertreatment should not be necessary for this action. In the
following table, the baseline (1990), existing (2001), and
anticipated (2005) technoclogy mixes for CI engines are presented
for California:

Table 2
Effect of Emission Standards on
Technology Mix for CI Engines

JAN 2 7 9%



Pre- Existing FIP

Technology Package Control Control Control

{1990 (2001 (2005

Market) Market) Market)
Naturally Aspirated 35% 28% 0%
Turbocharged 65% 72% 100%
Air to Water Aftercooling 15% 24% 24%
Air to Air Aftercooling 5% 9% 69%
Mechanical Fuel Injection 0% 99% 50%
Electronic Fuel Injection 0% 1% 50%
Timing Retard/Calibration 0% 100% 100%
Improved Fuel System 0% 55% 45%
Sophisticated Fuel Injectors 0% 0% 55%

Spark-Ignition Engines

Spark-ignition nonroad engines over 50 horsepower have not

been required to meet any exhaust emission standards.

However,

these engines have baseline NOx levels much lower than the
bagseline NOx levels of the compression-ignition nonroad engines.
EPA anticipates that these engines will meet the NOx standard

through calibration changes and through the use of fuel injection
This analysis conservatively assumes that no SI nonroad
engines have been upgraded to fuel injection prior to the FIP NOx
In the following table,

systems.

standard.

the baseline (1990},

(2001), and anticipated (2005) technology mixes for SI engines

are presented for California:

Table 3

Effect of Emission Standards on

Technology Mix for SI Engines

Pre- Existing FIP
Technology Package Control Control Control
(1990 (2001 {2005
Market) Market) Market)
Carburetion 100% 100% 40%
Throttle Body Fuel Injection 0% 0% 15%
Electronic Fuel Injection 0% 0% 45%

Cost Analysis

JAN 9 7 9%
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This section estimates the costs of California engines
complying to a 4.0 g/hp-hr NOx new engine standard with a rebuild
program. In this analysis, the NOx standard is assumed to be
implemented as a national rule with a phase~in by rated power
from 2002 to 2005. Costs are calculated for all of California.

The methodology used in this cost analysis is similar to
that used in the national rulemaking for nonroad compression-
ignition engines.? Four main types of cost are analyzed: 1)
variable hardware costs, 2) production life fixed coats, 3)
annual fixed costs, and 4) consumer costs.

Major assumptions for the cost analysis are as follows:

- All engines comply in model year 2002,

- Inflation is three percent.

- Manufacturers will amortize fixed costs over ten years
(assumed production life) with an amortization rate of
seven percent.

- Annual sales growth is two percent.

- Future sales distribution is equivalent to the current
engine family distribution.

Variable Hardware Costas

Variable hardware costs are those costs for hardware changes
made to engines for compliance with new emission standards.
Hardware costs are variable since they depend on production
volumes.

EPA developed two variable hardware cost figures; one is
representative of CI engines, and the another is representative
of SI engines. These costs were developed directly from the
incremental changes in the technology mixes of CI and SI engines
(explained in the previous section). Costs of various
technologies were weighted by the number of engines converting to
those technologies. The following table presents the results of
the weighted cost methodology:

Table 4
Weighted Average Variable Hardware Cost
Technology Cost (1993 $) C;ange in== Weighted Cost
Market (%) (1994 %)
Compression-Ignition Engines
Turbocharger 424 28 119
Air to Water 106 0 0
Air to Air 159 60 95
Electronics 318 49 156
Fuel System 164 -10 -16
New Injectors 255 55 140
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Average Per-Engine Weighted Cost 494
Spark-Ignition Engines
Carburetor 212 -60 -127
TBI 265 15 40
EFI 530 . ‘ 45 239
Average Per-Engine Weighted Cost 151

Total annual variable hardware costs are calculated by
multiplying engine sales for that year by the appropriate
weighted variable costs in the above table.

Production Life Fixed Costs

Production life fixed costs are the calibration,
development, test facility, and mechanical integrity costs
required to develop a new product line. Production cycles for
the engines included in this rule appear to be about ten years.
- Therefore, production life fixed costs are amortized over ten
years for this cost analysis. EPA uses an amortization rate of
seven percent.

Calibration Costs:

Calibration costs represent the costs associated with
recalibrating the injection (or spark) timing system to achieve
optimized emissions and performance under the constraints of the
NOx emission standard. This analysis assumes that all of the
engines (224 engine families) affected by the NOx standard will
require some sort of recalibration. It is estimated that each
recalibration would require 20 person-days, 15 for the technician
and 5 for the engineer. The cost estimate assumes an eight hour
day and a cost of $64/hour including labor and overhead. Because
these recalibration costs are assumed to occur for every
production cycle, EPA accounted for these costs three times over
the 30 years that it takes the fleet to turn over.

Development Costs:

Development costs are those costs incurred by the engine
manufacturers in modifying their engines to meet the NOx
standard. Design costs for the components are included in the
variable hardware costs. Therefore, the development costs are
the result of days of personnel effort required to modify the
engines. It is assumed that manufacturers would undertake two
redesigns for each modification to an engine family and pick the
one which best met their objectives. The following modifications
are expected to be made to the engines affected by this rule:

1. combustion chamber design--EPA assumes that CI engines
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requiring the addition of turbocharging or
aftercooling, or fuel system redesign will undergo
combustion chamber changes. These changes include
changes to bore and stroke, combustion bowl redesign,
and adjustments to the fuel injectors.
aftercooler/intercooler system--In adding this hardware
to CI engines, the manufactures must determine the
proper air supply, placement of the system, connecting
hardware, etc. ‘

electronic control--This refers to adding electronic
control to CI engines. Incremental calibration costs
between satisfactory operation and fine tuning for the
NOx standard are not included.

throttle body fuel injection--These costs are
associated with fitting a TBI system on a SI engine in
place of a carburetor. Some modification of the inlet
manifold may be necessary.

electronic fuel injection--SI engine manufacturers are
assumed to use port fuel injection in an EFI system.
The inlet manifold must be modified for positioning the
fuel injectors. Some combustion chamber redesign may
be necessary.

The following table presents the estimate number of days of

" personnel effort required to address the system design on

average:
Table 5
Development Person-Days
System Categories 1 2 % 4 5
# Redesigns 2 2 2 2 2
Person-Days per Redesign

Machinist's Days 9 0 0 7 15
Mechanic's Days 5 9 12 7 [
Technician's Days 58 87 68 58 80
Engineex's Days 58 35 50 58 60 —
Total Person—éays 260 262 260 260 320

Development costs for these engines are based on the total
person-days for each modification and a rate of $509/day (based

on eight hour days) including labor and overhead.
are applied to the percentage of engine families incorporating
The total unamortized and undiscounted

each technology.

These costs

development cost estimate for a national NOx standard of 4.0
g/hp-hr is presented in the following table:

Table 6
National Development Costs
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Test Facility Costs:

Design Full-Time % Engine $/Day Total
Person-Days Families ($ Million)
Compression-Ignition Engines
Combustion 260 75 509 21.1
Chamber
Aftercooler 262 72 509 20.3
Electronic 260 49 509 13.8
Control
Spark-Ignition Engines
TBI 260 15 509 0.22
EFI 320 45 509 0.75 _
Approximate Total Development Costs 56.2 "

These are the costs for construction and/or expansion of

‘certification quality test facilities.

EPA assumes that all of

the test facilities necessary for this rule due to the existing

national nonrocad CI emission standards.

In addition,

most SI

engine manufacturers already have test facilities for their
three new test cells will

engines.

This analysis assumes that

have to be built as a result of this

The estimated cost

of each cell

total cost consists of approximately

eddy dynamometer,

analyzers,

be amortized over 5 years.
each component is assumed to be replaced.

3106, 000 for basic
and 526,500 for automated

rule.

is about $212,500.

This

$80,000 for a water brake or
instrumentation and

data processing and wiring.
EPA estimates that the dynamometer can be amortized over 30
years, the basic instrumentation and analyzers can be amortized
over 10 years, and the automated data processing and wiring can

At the end of its amortization life,
This results in an

annual cost of approximately $84,000 when amortized at seven

percent.

Mechanical Integrity Costs:

Mechanical integrity costs are those costs associated with
useful life accumulation and testing to insure the performance

and durability of the new engine designs.

EPA assumes that

manufacturers will perform these tests on engines that have added
electronic control,
This constitutes about 85%

turbocharging,

aftercooling,

injection systems to their engines.
of the compression-ignition engine families and about 60% of the

spark-ignition engine families.
is assumed to take 1000 hours at $64/hour.

or new fuel

The mechanical integrity testing
The annual cost would

be approximately 2.6 million dollars which represents the total
mechanical integrity cost amortized over the expected 10 year
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production life at seven percent.

Annual Fixed Costs

This section describes annual fixed costs that result from
the certification and enforcement programs in this rule. Annual
fixed costs associated with hardware were included in a previous
section. The annual fixed costs are made up of new engine
certification, emission defect reporting, selective enforcement
auditing, and rebuild certification costs. All of the costs
reported in this analysis are based on the cost analysis for the
existing national nonroad compression-ignition rule.?

New Engine Certification:

Manufacturers must certify each engine family to prove to
EPA that the engines will be built to meet the emission
standards. Certification costs are a combination of emission
testing, record keeping, and reporting costs. New compression-
engines are assumed to have no incremental certification or
enforcement costs because of the existing national rule.
. However, because spark-ignition land-based nonroad engines have
not previously been regulated, certification costs are added for
thege engines. Incremental annual certification costs are
estimated to be about half of a million dollars per year.

Emission Defect Reporting:

Emission defect warranty reporting is required under EPA's
enforcement program for these engines. Based on a cost estimate
for existing nonroad CI engine manufacturers of about
$13,800/year, EPA estimates that the cost to SI engine
manufacturers would be about $710/year.

Selective Enforcement Auditing (SEA):

SEA testing refers to assembly line testing performed to
verify that production engines meet the family certification
levels. This program is similar to the program used for on-
highway heavy-duty engines. EPA estimates that more than half of
the nonroad engine manufacturers will voluntarily collect
assembly line emission test data. Again, CI engine manufacturers
are already incurring this cost due to the existing national
rule. SEA costs include testing, record keeping, and reporting
costs.

Consumer Cosgts

Consumer costs include the increase in retail price and
engine operating costs. The increase in retail price is due to
profit and overhead for both the manufacturer and the dealer.
Variable hardware costs are multiplied by a manufacturer factor.
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Recalibration, design, mechanical integrity, certification,
emission defect reporting, and SEA costs are added to this
figure. This result is then multiplied by a dealer factor. The
manufacturer and dealer factors are 1.282 and 1.062 respectively.
These factors are taken from the cost analysis for the existing
national nonroad CI rule.?

Engine operating costs are made up of fuel and maintenance
costs. EPA assumed that any emission control strategy used by
the engine manufacturers for this rule would include the
necessary technology for maintaining or improving fuel economy
from the regulated engines. These costs have been included under
variable hardware costs. EPA also has not seen evidence that the
addition of turbochargers, aftercoolers, or electronic fuel
injection will affect the maintenance schedules for these
engines. Therefore, EPA is not including any engine operating
cost impact.

Pregentation _of Costs

The cost estimates in this analysis are for engines sold in
California only. Variable hardware costs are calculated for the
_estimated California sales only. Fixed costs are first
calculated for nationwide sales, but EPA assumes that these costs
will be distributed evenly over nationwide sales. Only the fixed
costs assumed to be distributed over California sales are
included in this cost analysis.

EPA's cost analysis is presented in terms of annualized
costs as recovered over the 30 years necessary for a full
turnover. This means that costs which occur in years preceding
production are assumed to be recovered over sales throughout the
production cycle. In other words, the methodclogy attributes the
first year of amortized costs to the first year of sales, the
second yvear of amortized costs to the second year of sales, etc.
These costs are shown in year of recovery in future value.

Corresponding present values for the annualized total costs
and cost effectiveness are also presented in this analysis. The
present values are stated in 1994 dollars. The total cost and
benefit streams are discounted at three percent.

Annualized costs as recovered for California are presented
in Table 7. Corresponding present wvalues to the annualized costs
are presented in Table 8§.

Cost/Benefit Analysis

When EPA evaluates the effectiveness of various emission
control strategies, EPA looks at the costs incurred per benefits
achieved. Typically, this cost effectiveness is presented as
dollars per ton of pollutant reduced. All other things being
equal, EPA will follow through on the control strategy with the
lowest cost per benefit.

To calculate the cost effectiveness for the FIP areas only,
EPA used the total California costs, but only the FIP area
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benefits. The NOx standard for nonroad engines with rated power
of 50 horsepower or greater is estimated to have a cost
effectiveness of 52,510 per ton of NOx reduced. This cost per
ton of NOx reduction is based on the ratio of the net present
value of the stream of costs divided by the net present value of
the stream of benefits. The cost and benefit stream are
calculated over the 30 years it takes the fleet to turn over.

Although the FIP measures were initiated specifically for
the three FIP areas, the nature of this new engine standard
creates NOx benefits throughout all of California. If total
California benefits are used in calculating the cost
effectiveness, the result is $604 per ton of NOx reduced. 1In
either case, the cost per engine is $828.
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Annualized Costs

Table 8
and Corresponding Present Values

(1} (2} (3) (4) (5) (6) (7)
Year | Annualized Present Total Present Present Pregsent
Total Value of Increase Value of Value Value FPer-—

{1994 5] (2) in Retail (4) Per— Engine Cost-

(1994 §] Cost [1294 5] Engine |[Effectiveness

{1994 ) (4) ($/ton of NOx

‘ [1994 $]| reduced)
[1994 5]

2002 19,519,706 |15,409,036 |26,158,102 |20,649, 448 542 501
2003 |19,882,563 |15,238,329 26,652,020 |20,426,554 526 501
2004 |20,252,315 |15,069,624 |27,155,432 |20,206,191 510 500
2005 |20,623,113 |14,898,576 127,662,169 |19,983,739 495 500
2006 (21,007,803 |14,734,451 |28,185,918 (19,769,036 480 499
2007 |21,400,187 |14,572,486 (28,720,142 |19,557,019 465 499
2008 |21,800,418 |14,412,645 (29,265,050 |19,347,646 451 498
2009 |22,208,654 |14,254,890 |29,820,857 }19,140,873 438 498
2010 (22,625,055 |14,099,186 |30,387,780 |18,936,660 424 497
2011 (23,049,783 |13,945,498 |30,966,041 |18,734,964 412 497
2012 |22,428,586 |[13,174,431 (30,436,073 |17,877, 985 385 479
2013 |22,870,474 (13,042,712 |31,037,696 (17,700,364 374 479
2014 |23,321,199 12,912,383 |[31,651,352 |17,524,586 363 478
2015 |23,780,939 112,783,427 (32,277,280 |17,350,629 352 478
2016 |24,249,874 |12,655,827 |32,915,728 (17,178,471 342 478
2017 |24,728,188 |12,529,569 |33,566,944 [17,008,093 332 478
2018 |25,216,067 |12,404,634 |34,231,184 [16,839,474 322 478
2019 |25,713,705 |12,281,009 |34,908,709 [16,672,594 313 478
2020 (26,221,295 |12,158,676 }35,599,785 16,507,433 304 478
2021 |26,739,036 (12,037,622 |36,304,682 |16,343,971 295 478
2022 |27,267,133 |11,917,830 [37,023,677 |16,182,189 286 478
2023 (27,805,792 (11,799,287 |37,757,053 |16,022,068 278 478
2024 |28,355,224 (11,681,977 |38,505,095 |15,863,589 269 4717
2025 28,915,644 |11,565,886 |39,268,099 |15,706,735 262 477
2026 129,487,273 11,451,000 |40,046,362 |15,551,486 254 477
2027 (30,070,334 }11,337,305 |40,840,191 |15,397,824 246 477
2028 (30,665,057 |11,224,788 |41,649,896 |15,245,732 239 477
2029 |31,271,674 11,113,434 |42,475,796 |15,095,193 232 477
2030 |31,890,424 |11,003,230 (43,318,213 ;14,946,188 225 4717
2031 |32,521,548 |10,894,164 |44,177,479 |14,798,702 219 4717
2032 {32,892,257 10,697,422 (44,763,964 (14,558,412 211 474
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VI. AIRPORT GROUND SUPPORT EQUIPMENT and AIRCRAFT AUXILIARY
POWER UNITS

Overview and General Methodology

Ground Support Egquipment - For each airport located in the
FIP areas which serviced commercial airplanes, the existing
ground support equipment was surveyed. For each type of ground
support equipment, a cost of conversion to electric eqguipment was
determined. Replacement of existing equipment was based on
assumption of turnover; existing egquipment was phased out (either
retired or moved to a new location to replace existing eguipment
being retired or to satisfy growth demands). Anticipated growth
at each airport was also reflected through the growth in ground
support equipment. The incremental cost of electrically-powered
ground support equipment over traditional equipment was applied
to this growth in equipment needs. Emission benefits per piece
of equipment were alsc determined and accumulated according to
the same phase-in schedule for the equipment. Thus airport-
specific streams of costs and emission benefits were determined.
These were then discounted over time to determine present values
and a cost-effectiveness number was calculated for conversion of
ground equipment at each ailrport. These can then be merged to
determine a FIP area cost-effectiveness value for this action.

Auxiliary Power Units - Much the same methodology was followed
for auxiliary power units. At each affected airport, the use of
auxiliary power would diminish as the aircraft is attached to
electric power at the gate as soon as possible after arriving.
Likewise, the alrcraft would remain attached to electrical
service as long as possible prior to departure. The emission
benefits are due to the lesser use of APU's. The costs include
any additional cost to bring necessary electrical supply to the
alrcraft, cost of the electrically used, and the impact on annual
cost of the APU (including less maintenance due tc less use) due
to greater reliance con electrical service.

Both the ground support equipment and auxiliary power unit
impacts are considered in the following analyses and tables.

Assumptions and analvyses

The following tables detail the analyses. Included are values
for the incremental cost of equipment, the cost of converting the
infrastructure of the airport to support electrified ground
support equipment and the difference in operating costs
(including energy and maintenance costs) between the
electrically-powered eguipment and traditional equipment.

This analysis indicates that conversion to electrically-powered
ground support equipment has a net economic benefit due to the
lower operating costs. Cost streams were determined through
2010. Analyses beyond 2010 were not performed due to the
potentially large impact of growth assumptions and since the cost
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stream would continue to indicate a net cost advantage of the
conversions. In fact, the cost advantage should continue to grow
as the number of electrically-powered units grow and because the
initial costs of infrastructure conversion ig already taken into
account,

Table V-1 summarizes the cost-effectiveness calculatlons for
each ailrport and FIP area.

3

Table V-1
Cost Effectiveness Table

Ground Support Equipment

Cost (present NOx Benefits - HC Benefits -
value) Tons (present Tons (present
value) value)
South Coast (s11,436,016) * 6,567 2431
Sacramento ($1,044,071) 580 298

Auxiliary Power Units

South Coast ($224,034,607) 7,165 232

Sacramento (31,533,420) 58 3
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APU COST ANALYSIS (Calcuiations)*

AIRPORT:

2009

20068 2007

2005

+ Burbank
1996 1097 1998 1999 2001 2002 2003

1085

-808750

527462 2 547204 567108 500028

507640

-487815

448164 4070090

428330

408514

1991310

0

1]
8179
0

8342

8687

8830

0
9158
0

9318

339481

o
o
0

* Some costs are negative and, therelors, a savings
%
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2010

2007 2008

2006

2004

2000 2001 2002

1999

APU COST ANALYSIS (Calculaiione)*
AIRPORT: John Wayne
1996 1007 1998

1995

-123821 -132878

-114384

-105108

9

40311 40567 58823 68079 -T7335 86502

1780046

0

15480 15480 15480 15480 15480 15480

15480

15480

* Some oosts are negative and, thereiore, a savings

%

Discount Rats =
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APU COST ANALYSIS {Calculations)*

AIRPORT:

Long Beach

2007 2008

2008

1996 1997 1908 1909 2000 2001 2002 2003 2004

1005

280015

930450  -959248

1878485  -700202  -720070  -757847  -788024  -B15401 844178 872048 901713

]

-31210 -32300 -33389

30121

1

-27942

2

-25762

305326

0

* Some costs are negative and, therefore, a savings

%

Discount Rate =
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APU COST ANALYSIS (Calculations)*

AIRPORT: Ontario Intl

(=]

-

&

2008 2007 2008 2009

2005

2002 2003

2001

1806 1997 1098 1999

1905

3980080 4000515 4203050

2077832 3120508 -3237033 3344480 3451000 3559339 3066774 3774208 -2881044

0

-3655528 364764 374001 3683238

327818 337055 346201

-318582

* Some costs are negative and, thersfore, a savings

Discount Rate =

%



~g66l 5 2 NP

%E = we Wnoosq 10N
, ‘suofiwoyipows Ayyow) psuuwd of enp

5002 Uj BupiuBeq (O1VRH] 620°0) OLVUIW G'y OF seonpe: uowiedo NJY "1eD e je uopRIedo NJY 10} PeMON® (DL /e 260°0) QL /MW §'G SEPNRXT .,
SBUIANS ¥ ‘100 ‘PUR SAREDU 818 100 SWOS .,

‘0861 ‘JISILERT) Iy SINOL PHEIYIISD JO SORSAWS AJAROY Hodlly 3,y Ul SOL] 0BIwO i U0 peseq "$OL7 %10} s o 8 JO KLY E -

9'8E = (1/3) 1900 WO NdY
(ozr'ces’)$) 9€€'0 = yuu{OL V) uoessdo NdY
os IPO'ETS  90ZT'E908 o'l 690"} £18'2S o102
o8 LFB'ETS  90Z°C90S o't 690'15 -~ £18°'29 6002
os LPO'ESS  ROT'CU9s o'l 690'lS £18'28 2002
os 1PO'ETS  90Z'EH08 'l 690°LS £18'2s 2002
0% I¥8'EZS  90Z'£o8s e's 690'lS £16°2S 9002
os I¥8'EZS  902'C008 o'l 690'18 €18'28 9002
os 695'CZ8 £08'2508 g18't 922'08 18025 002
o$ 181'EZS  965'Zr08 guL't zorer 692'1S €002
wewiexnbey Z0OZ 10} WNjEA JUsseld 9661 (#ION 826'FIZ$ GZQ'ZTS ZBZ'ZEYS 8sl't 6go'er orr08 zZo002
0% £5P'228 106'129% 8L’y S60'LY ¥Z9'6¥ 1002
os 190'22¢ 189°L198 002'L zoy'LY Zoa'er 0002
wewiennbey 8861 10] SN{BA jUSSeId G681 MON (0E2'228%) yal'izs  Lyy'Eoos 229't eor'ey sri’gr 6661
os 09E'LZS  OLZ'16SS Syo') ¥o5'SY 60Z'L¥ 8661
wewsrbeY 26681 10) eNjRA JusIelg G681 810N (€19'5293) 1E6'028 OR6'BLSS 29l 109'vP £Lz'or 1681
os E15°028 G52'995% 085't 98L'cr 2EE'SH 0681
0$ D60'0Z$ 259558 ') yso'zZy Loy'ry 661
¥ig'L 1981y SOr'Er Y661
zav'l Yo' Ly ol £661
erv'i Sri'op yes'iy Z66t
Lrt L¥Z'6E 859°0F 188l
¥ac's 8EC'E Zzl'ee 0681
«($) 81800 uopebYN NV (1eek/g) (rwedg) (rweds017) (1eek/s017) (iweh/s01)

JO BN[BA Juekeid 18N 1900 W20 NdV 1300 WSO NdY  »BOLT08mD iy sOL1eBusssed  sOLWOL  ive)
, «OL108e0 iy Ol 1eBusssey
Ol ORIUWIBIOES TLHOJHIV
(sndinO) SISATYNY LEOD NdV



5661 2 % NYF

%E = 8juy JUNOaNJ
sBuAEs ¥ ‘'es0[e1N]) 'pus sageieu I8 5800 sWOg

0 L 0 0 1] o 0 0 0 o 0 o o o 0 0
0 0o o o 0 0o 0 0 0 0 0 0 0 0 0 !
0 0 o 0 0 0 o 0 0 0 0 0 o 0 0 0
0 0 0 [+ 0 0 0 0 L+ 0 0 0 0 0 o 0
0 o 0 0 0 0 0 0 0 o o 0 0 0 0 0
0 0 0 0 0 0 0 1] 0 0 0 0 o o 0 0
0 0 0 0 0 0 0 o o 0 0 0o 0 0 0 0
0 0 0o 0 o 0 0 o 0 0 o 0 0 0 0 0
1ore- 190 19v8- 19¥g- 1oFre- 3] o 60049- LML S99zt 0 0 0 0 0 0 1
0 1 0 0 o 0 o 0 0 o 0 0 o o o 0
0 0 0 0 0 0 o 0 0 o 0 0 0 0 0 o
ZCEn02-  ZeeesZ- ZeessZ-  Zeesde- Zee08e- ZEEB6T-  SETI6T- BELEw?- HrosLE ryooeZ- 1¥R8Se- £2oLioL O 0 o 0
0o 0 0 0 0o 0 0 o 0 0 0 0 0 0 o 0
o= 3 oI 0E9ie- 9e0I8- 9E018- otoIe- eZrol- 81ziL- LIOSE- e0eeL- 9850.- 0E909- 91800~  BORED- 0 0
0 o 0 0 0 0 0 0 0 0 0 4] 0 0 0 0
0 0 0 0 o 0 0 0 0 0 o 0 0 0 0 0
ol02Z 0002 2002 1002 9002 9002 002 €002 c00T 1002 0002 6681 gesl 1681 9681 G661

ooy oJUSWEIdNS LHOJHIV
«(BuUoyImNoED) SISATYNY LS00 NdY



Ge6l 1 2 NVl

696'S

pijepy olueweloes

Sh'es oueluQ

g892'8et jwy sejebuy so

ole'ee yoeeq BuoT

920'9 suAep LYo

S06°'El yuequng

(sqi) weueg suojssjuz OH vodiy

(sinding jo Arwwwing) SISATYNY 1i43N3E SNOISSING OH NdV



Ge6L 2, % NYC

“semod pexy exnbal pnom Ajuo seieb asey) ey pewnsse sem )| "sejel podin Jo Jequinu M) 8| jO %02

2Qq O] PojRWNS® Sem 8a)el SCUBLBIUBIL PUB BJOWSS jO JBqUINU aif| 'seled eousuejuRW pUR ejoWed O} 810J01 UONBWLIOJU|  POZIRY ILON

‘suogeoyipow Ayoe) peuueld o) enp §00Z Ul BuuuiBeq o1 /s1y £91°0 4 seONpeJ ewn
puonesedo NJy cneW olusumiowg 'INE; e Buunp uoguiedo Ndy sepnpul ewy puonesedo Ndy elf ‘onepy ojusweorg Jdeoxs sodIR IR S0 ..

asi p661 - SM¥IS ejer) JueLnsd
(Ru) seteBuy $07 Joj} peUmIQO SEM UCHEULIOJ| [EUOKIPPE) OSL ¥661 - S8l8p) JO "ON
OIS $8)8H LMOIE} UORIAY 18800 LINOG PUR (0661) Owews ML jusunoog Hoddng oiyoe | - $O 17 D HyY

(onep ouewmoeg) OSL ¥661 PUS di4 Pesodold 8L L0 UBLILIOD V1Y - UoeedO NdY AN0S &
J0M0d £
VOd/iemod - i £168'2s z08'sr Sri'gr ZeL'se 89’52 820 | cnsyy oweumswg
- vOd/1emod £
S00Z 0002 6661 0661
J8mod 9 .‘
YOd/1emod ot 00L'28 8L¥'EL 852'v0 L19'sy 29'SH 126°1 opnuQ]
Jemod - 4 (sseumn ubeso)
- vOd/iemod| 21 16L'cr £168'8¢ 0£0'vE Yoz'v2 9£'s01 9sL'L Ru| sejeBuy 807
Jomod 6l (Lm0 opsawo()
vod Jomad 09 8¥'06¢ 516'9¥¢ 18€'€0¢ 91£'912 9E'S01L 9s2'L Ru) ssjeBuy 807
- vOd/emod| €€
JoMOd - g
YOd/iemod 51 1ee'92 96€'€2 08¥'02 88S'Y1 00’66 059'14 yoweg Buo-]
J0M0d - £ .
vod 1eMmod rl 055'29 810'09 18¥'25 yer'le 8y'ee 8550 euepp Lyor
19Mmod €
V¥Dd/iemod ¥l £00'sS Zre'er 00Q°'2¥ L1508 8Z'yy 8EL0 Huegqng
{vod/ismogd) (vodiiemod)| eewn | o102 002 0002 0661 (orvurs) | {o1Veay} Hodily
sjusuwsijnbey smuis en| jooN (2A1e0L7Y) wsUopuiedp |, uopmiedQ
o 2] jueun) SQL Je|Le) Y ndv ndy

+(mndu)) SISATYNY L13INIS SNOISSING NdY



Ge6l 2 2 NWP

%E = 8jeH Wnoosig ‘310N

‘s (@ eBasesr Lodie vy eyl 81 Uy Y Bupnp ucRRIedo NAY JO} PEMO|M iR B}

"SUOHRISdO Ny POMOIN &1 YoM ‘uoneiado xu; 10} (O1VSNY 522°0) O1Vun §'El Pue uopwedo 8B 1o} (01 VRN 2607} OLVURM §°G S8PNOXT 4ve
. ‘0661 ‘LOHLND Y SINOH POIDURIeD

10 sonspmg AyAnoy Lodiry $,vY- U] 8017 06180 @ UO peseq SOL W10} s, HodIe 8L JO %9¥18°0 o/ 301 080 |y "sOL7 ofmo jR O BIejeH .

%0 Juewsiinbes gag | oL
Aq peyoeys seyu pexy Jo % e 0} puopiodoud Agoeuip eq 0} pewinsse 8| $01 7 JeBuessud jo %, sjusiuennbel ge6L Ul SOLT JeBuessed o] wejey ,

S08'¢lL 82's2 = 4ue{OL VUML) Uopwedo NV
(] (a4 rE'YS 0 £60'SS 0102
0 6E¥ 9I¥'ES 0 GS8'ES 6002
0 oz 061'25 0 129'2s 8002
0 8iy 08805 0 86E'LS 2002
0 eor 29L'6¥ 0 0L1'05 9002
0 e8¢t crs'sy 0 Zre'ey 5002
0 68t S2E'Ly 0 yiL'LY ¥002
0 6Lt 01’9y 0 Ser'or £002
ewesnbey Z00Z 10} SNWA Juessld SBBL 8ION S8 0ot eea'yy 0 52'sy 2002
0 ‘ 019'ty 0 820'vr 1002
(] ISPy 0 ooe'zy 0002
wewesinbey 6661 10} sNRA Jueseld SB61 ‘&ION 128'ElL €E2' 1Y 0 2LS'Ly 6661
0 ] ErE'or 8661
Wweweunbey 2661 10} NRA JUesald G611 BI0N O 0 SL1'6e 1681
188'2€ 9661
650'9¢ 5661
otr'se ¥661
202'vE £661
¥16'2¢ 2661
Svl'le L1661
21508 0661

(say (reeAfsOi) (mek{sO1) (medfs0L) (;med/sO17)
Jyeueq suolssiwz OH NdY ««8017J0 ON «8011j0 ON »8011J0 ON sOlIMmIoL e

10 ON[BA JuasaId 18N weweinbey ZooZ uewsinbey 6661 uewembey 661
jusqing :LHOJHIV
(sinding) SISATIVNY LI43INIE SNOISSING OH NV



666l 2. o NYP

APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT:
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&

2005 2008 2007 2008 2009

1909 2000 2001 2002 2003

1905 1996 1097 1968
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John Wayne

APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT:

2010

2008 = 2000

2007

1969 2000 2001 2002 2003 2004 2005

1995 1966 1907 1908
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YLY)
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Long Beach

APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT

2008 2009 2010

2007

2004 2005

2003

1905 1908 1997 1998 1999 2000 2001

2,830 2,605 2,759 2,823 2,868
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2000 2001 2002 2003 2004 2005 2008 2007 2008 2000 2010

APU HC EMISSIONS BENERIT ANALYSIS {Cailculations)
: Los Angeles Intl (Domestic Carriers)
1000

AIRPORT:
1995 1908 1997 1968

9,390 9,684

0

27918 28,719 20,520 30,221 23 31,269 32,043 32,8208 33612 34 397 34,470

28,124

786

704

766

749

731

713

710

691

873
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APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

Los Angeles Intl (Foreign Carriers)

AIRPORT

-

&

1999 2000 2001 2002 2003 2004 2005 2008 2007 2008

1995 1906 1007 1088

3,108 3,188 3,208 3,348 3428 3,508 3.588

3,02¢

2,708 2,788 2,868

2,628

2,546

2,046

82

78

76

74

73

Al

87

-
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APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT: Ontario Intl

S66l 2 2 Nyp

2010

2000

2007

2005

1999 2000 2001 2002 2003

1995 1996 1997 1998

7,628 7.847 8,068 8,285 8,544 8,859 9,082 9,304 9,527 9,749 0,084

7.503

848

a1

781

762

712

a%
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Sacramento Metro

APU HC EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT:

P

2007 2008 2009 2010

2006

1900 2000 2001 2002 2003 2004

1995 1906 1987 1998

195

161

222

222

222

222

222

061

o468

931

915

-0

0.
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APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

g6l 2, 2 Nl

2010

2000

2008

2007

2002 2003 2004 2005

2001

AIRPORT: Burbank
1995 1996 10097 1998 1900

35,604

27,029 27,802 28,5680 29,350 30,841 31,361 32,149 32,937 33,723 34510

20,004

0

283

217

n

2064

258

24

o

-]

K} 9

Disoount Rate =



ag6l 2 2 NWP

%€ = 8{wy Wnoosig :J1ON
‘owq e} eBeiear Lodie Yy SU) 3) AR JeoiE BULNp UoRRdO NdY JO} PSMOIE SR Sy |

"suolRIedO Y POMO|R e Yol ‘uogeiedo i 10 (0L VSN 206°0) OLVUMI p'gl pus ucpeiedo e1eB 10} (OLVSN 260°) OL VU §'S S8PNPOXT 44y
‘0661 'ISLLED) JY SINOH PeIOLNIe)

10 sopsamS AraRoy Modiry 8,yyd Uj 3017 0B ju uo pesuq sO L W01 8,10diB el jO %0 85 3017 080 iy 'sOL7 0liNo | 01 sejeY .

%0 ‘muswennbes gpG1 ey
Aq pereys 96)uB pexy Jo % e o} puogiodoud ARdesip 8q o) pewnsse 5| 8017 JeBuessed Jo « sjusweuinbes 961 YL 'SOLT Jebuessed o) siejoy ,

015's2) 856 = yue(OLWUNL) uogmiedo NdY
0 0 055'29 0 055'29 0l02
0 0 ¥¥0'99 0 ¥#0'99 6002
o 0 L165'Y9 0 165'v9 2002
0 0 160'€9 0 1€0'e9 2002
0 0 ¥25'19 0 ¥25'19 9002
0 0 810'09 0 810'00 S002
0 0 215'es 0 215'8S Y002
0 0 900'LS 0 900'LS €002
welweunbey ZOOZ JO SNNA Juesel SE6L 610N O 0 o8r'ss 0 06¥'SS 2002
0 £66'€S 0 £06'€S 1002
0 18¥'2S 0 18¥'2S 0002
wewesnbey 6661 Jo sNEA Jeseld SEBL 810N 0.5'6Z) 19805 0 19605 0681
0 0 riv'GY 9661
weweanbey /664 Jo A JUeseld G661 810N O 1] 908'LY 1681
2ov'or 9661
9c6'ry 5661
err'er Y661
12 8 €66}
LEV'OF 2661
0£6'8E 1661
yer'Le 0661

(sa) {re0d/801) (reed/sQ]) (mef/s01) (meh/s01)
Jjeueq suojssiwg XON NdV »«8017J0 'ON »S01710 ON »$0L11J0 ON SOLTMIOL Jeep

JO enfeA Juesadd 16N wewesnbey ZOOZ uewenbay 6661 Jueweinbey /661

sulep, uyor :LHOLHIY
(;indin0) SISATYNY LIJ3NIE SNOISSING XON NdY



Te6l 2 g NP

2010

2005 2006 2007 2008 2000

2001 2003

1990

APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

AIHPORT: John Wayne

1995 1006 1907 1998

11,088 12,300 12,653 12,006 14,105 14,344 14,705 15,086 15,425 15,705 18,285

11,623
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APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

: Long Beach

AIRPORT

&

2003 2004 2005 20086 2007

2002

2001

1995 1998 1807 1998 1989

34,008 35,044 38,022 36,909 40,851 41,528 42,570 43,613 44,653 45,608 47,150

33,088

1,891 1,731 1,786

1,547 1,573 1612 1,852

1,401

1,364

%
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APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

Los Angelea intl (Domeatic Carriers)

AIRPORT

o

-

&

1999 2000 2001 2002 2003 2004 2005 2008 2007

19695 1966 1097 1908

0 258,087 284,128

1,196,208

1,164,941

1,138,370

1,111,800

1,085,229

860

1.

1,012,787

088,715

908,494 934,568 900,640

767,024

0

0

22,498 23,003 24,139 24,745 25,350 25,956 28,562 2r.2r?

21,904

0

I%
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2010

2006 2007 2008 2000

2005

2002 = 2003

2001

1909

APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT: Los Angeles Inti (Foreign Carriers)
2000

1965 1908 1997 1998

196,768

183,803 187,988 192,317

179,214

170,435 174,824

166,050

152,868 157,278

140,497

0 139,723 144112

161,661

0

3,686 3,086 4,088 4,108 4,208 4300 4,487

3,768

3,686

%
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APU NOxX EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORT:

Ontario Inll

681 2 2 Ny

2010

1999 2000 2001 2002 2003 2004 2006 2000 2007 2008

1905 1996 1007 1998

163,988 173,703 178,413 192,307 195,648 200,787 205,679 210,592 215518 221,907

164,268

147,438

o

17,683 18,105 18,529 19,

17,261

16

15,23¢ 18,533

14,934

%

Discount Rate =
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21

2008

2005 2007

2003

2002

2001

Sacramento Metro
2000

1999

APU NOx EMISSIONS BENEFIT ANALYSIS (Calculations)

AIRPORAT
1965 1998 1807 1908

3,000

2,041

17,527 17,822 18,119 18,414 18,709 4512 4512 4512 4512 4512 4512

17.168

0

0

)

0

0

183

163

183

163

163

163

a75

%
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QBE COST ANALYSIS {Caloulations)
AIRPOAT: Las Angelen Int
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VII. Locomotives
Introduction

This section contains EPA's estimates of the costs and benefits
associated with the locomotive provisions for the Sacramento,
Ventura and South Coast FIP areas. The results of the
evaluations are presented in Figure 1 and in Tables 1 and 2.
Figure 1 and Table 1 show the rates at which benefits accrue, and
Table 2 shows costs and cost-effectiveness. A forty (40) year
period is analyzed, reflecting the longer useful like of
locomotives.

Sacramento and Ventura

The Sacramento and Ventura FIP areas require no additional
measures beyond those reguired under the national locomotive rule
currently under development. For these areas EPA employed its
current estimates for the national locomotive rule as the basis
for the estimates. It should be noted that the national rule has
vet to be proposed and the benefits and costs presented here are
preliminary and are contingent upon finalization of the national
locomotive rule.

Total locomotive costs for Sacramento and Ventura areas in
combination may be allocated to these areas based on the average
number of locomotives operating in Sacramento and Ventura on any
given day. EPA estimated this number from the 11.3 tons per day
NOx value contained in the FIP estimate for locomotive emissions
in 1990 in Sacramento and Ventura. Factoring in duty cycles,
average rated power, and percent of rated power per notch, and
assuming locomotives operate 23 hours per day, indicates that
approximately 35 locomotives operate on an average day in the two
areas. This value represents approximately 0.2% of the national
locomeotive fleet. Costs allocatable for Sacramento and Ventura
would be $5.3 million over a 40 year program cycle, with a 40
vear program cost-effectiveness of $300 per ton of NOx.

South Coast

The need for additional emission reductions in the South Coast
necessitated an additional measure beyond that contained in the
national locomotive rule. A comparison of the emissions
reductions required in the South Coast relative to those required
under the national program are shown in Figure 1, with a
numerical tabulation shown in Table 1. 1In developing an estimate
of costs associated with the South Coast requirements, EPA
started with an estimate of the number of locomotives in
operation in the South Coast on an average day (approach used for
Sacramento and Ventura). Using the daily NOx emission rate for
1990 of 31.5 tons and employing the same parameters as were used
previously, indicates that approximately 100 locomotives operate
on an average day in the South Coast. This value represents
approximately 0.6% of the national locomotive fleet. Since the
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South Coast program is an addition to the national rule, the
number of locomotives in operation in the South Coast during any
day does not represent the total number of locomotives required
to service the South Coast. To arrive at an estimate of the
total number of locomotives required, and as a result the total
cost, EPA evaluated two possible scenarios. Under one scenario,
railroad companies could change their operational practices
significantly but would have to purchase a limited number of
locomotives beyond that required under the national rule. Under
the other scenario, railroads would not change their operational
practices, but would buy significantly more Tier I and Tier II
locomotives than they otherwise would have purchased under the
national rule, in the years immediately preceding the
implementation of the South Ccast program. Each of these
scenarios are discussed below.

Under the first scenario, railroads would modify operations and
thereby limit additional purchases of Tier I and Tier II
locomotives. The result would be a fleet of locomotives
dedicated to the South Coast. The size of this fleet would
depend on the closest points? outside of the South Caast where
trains could be repowered. EPA assumed that the points would be
existing facilities close to the border of the South Coast, but
not in the South Coast. To accommodate this approach, EPA
estimates that for each locomotive which is in operation in the
South Coast, two additional locomotives would be in transit
between the South Coast and the train repowering sites; i.e. 300
locomotives in total. Under this scenario, the total 40 year
cost for the South Coast program is estimated to be $45.6 million
with a corresponding cost-effectiveness of $900 per ton NOX.

Under the second scenario, where railroads would avoid schedule
changes by purchasing a greater number of locomotives, EPA
estimates that for each locomotive in operation in the South
Coast, 13 locomotives would be in transit between widely
dispersed points in the nation; e.g., Chicago, New York, Houston,
Seattle. This number is based on a turnaround time of two weeks
from the time a locomotive leaves the South Coast and returns.
Under this scenario the three railroads which service the South
Coast (Atchison, Topeka and Santa Fe, Union Pacific and Southern
Pacific) would require a fleet of approximately 1400 locomotives
that could meet the South Coast requirements. Even with this
number of South Coast locomotives, care will have to be taken in
scheduling the usage of these locomotives in oxder to comply with
the South Coast requirements. Under this scenario, the total 40
year cost of the South Coast program is estimated to be $213
million, with a cost-effectiveness of $4,200 per ton NOX.

2 The concept of constructing new train repowering
facilities at the borders of the South Coast was not considered
to be viable because of such concerns as availability of land,
building permits, etc.
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TABLE 1

PERCENT EMISSION REDUCTIONS

NATIONAL RULE,
SACRAMENTO AND |SOUTH COAST

YEAR |VENTURA FIP AREAS |FIP AREA

1999 0% 0%
2000 8% 8%
2001 16% 16%
2002 24% 24%
2003 32% 32%
2004 39% 39%
2005 42% 53%
2006 42% 53%
2007 43% 53%
2008 44% 53%
5009 44% 53%
2010 45% 64%
2011 46% 64%
2012 46% 64%
2013 47% 64%
2014 48% 64%
2015 48% 64%
2016 49% 64%
2017 50% 64%
2018 50% 64%
2019 51% 64%
2020 52% 64%
2021 52% 64%
2022 53% 64%
2023 54% 64%
2024 54% 64%
2025 55% 64%
2026 56% 64%
2027 56% 64%
2028 57% 64%
2029 58% 64%
2030 58% 64%
2031 59% 64%
2032 60% 64%
2033 60% 64%
2034 61% 64%
2035 61% 54%
2036 62% 64%
2037 63% 64%
2038 63% 64%
2039 64% 64%
2040 64% 64%
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VIII. Ships and Ports Measure

Qverview and General Methodology

The majority of emissions reductions from this measure come from a commitment to
develop a program to reduce emissions within 25 miles of the coast by 30% in the South
Coast and to no more than 4 tons in Ventura, in combination with other provisions. The
other requirements and recommendations finalized today should result in cost savings.
These savings were not estimated due to time considerations. '

In order to estimate the cost of reducing emissions within 25 miles of the coast, EPA -
estimated the increased fuel costs necessary to reroute shipping to outside 25 miles. This
is a simplistic assumption of how the reductions might eventually be made, but was the
approach recommended by several commenters. No estimate is made for increased
operational time due to the rerouting because the time, approximately 1 hour, is a period
of time which is vastly overshadowed by the entire time it takes to make any trip from the
San Pedro Ports north (or vice versa) and other things which may change shipping schedules
(traffic, weather, tides). Further because people (the other variable cost in addition to fuel)
are employed generally full time, there would not be an increase in variable costs. In the’
process to develop a program to achieve the necessary reductions, all costs including
increased time, labor, hardware, fuel changes and others, will be considered.

Aésumptions

The analysis was largely based on the 1990 inventory of ships using the Ports of Los Angeles
and Long Beach which was prepared by the Merchant Exchange for the Ports. This data
was used because it was the only real inventory of types of ships using the Ports based on
data for a full year.

The Marine Exchange broke out ships by method of propulsion, use and size. The report
also included ships, without description of their type, which used the Ports only for fueling
in its inventory. These ships were allocated to the other categories assuming that the fueling
ships were perfectly representative of the ships using the Ports for other reasoms.

Costs to tankers were not included because almost all of them currently use a shipping lane
which is further than 25 miles from shore. The Merchant Exchange also provided data on
where ships were traveling for the month of November 1994. The breakout of ships for that
month was applied to the yearly totals for 1990. Onl;y ships headed to or from the north
were assumed to have increased costs.

The 1994 cost of bunker fuel was used for 1990. This assumption likely overestimates costs.
Lloyd’s Register data was used for cruising speed and fuel consumption on average for each

ship type. The fuel consumption estimate used was at 70% of full load cruise since some
of the operation is near port and in a reasonably high density area. This assumption is also



the assumption that the Ports used in making their analysis of the inventory of ship
emissions.

The most important assumption made was of how many miles out of their way the ships
would be required to go. It was assumed that ships traveled 15 miles out of their way to
reach 25 miles from shore rather than 10 miles. This assumption may exaggerate the costs
applicable to shippers because ships heading north already have a substantial distance west
to travel. An assumption that ships do have to detour at least slightly is appropriate because
a revised ship access route could lead ships slightly south (which would be unnecessary) and
to a small extent the ships might be traveling two sides of a triangle rather than the third
side. These issues will be resolved by the Coast Guard when it develops its California

coastal plan, but some assumption was necessary here.
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NOTES :

Column 1

Numbers are dead weight tons, in thousands.

"dc" means diesel-powered container ship.

"sc" means steam-engine powered container ship

"dbulk" means diesel-powered dry bulk ship.

"sbulk" means steam-engine powered dry bulk ship.

"roro" means diesel engine-powered rollon-roll automobile
ship.

"dpas" means diesel engine-powered passenger ship.

"spas" means steam engine-powered passenger ship.

"dmisc" means other types of diesel-powered ships; data used
is for refrigerator ship because, of the miscellaneous ships
entering the ports of Los Angeles and Long Beach, these are
least likely to have business in the Santa Barbara shipping

channel.

Column-z

These are the numbers of each type of ship which visited the
ports of Los Angeles and Long Beach, as reported by the Marine
Exchange, for 1990.

Column 3

This column allocates the ships that visited the Ports of
Los Angeles and Long Beach only for fueling (about which we have
no data) into the other categories. . I assumed the range was
similar to other uses of the Ports, this assumption probably
exaggerates costs. Although the number of such ships declined
after a tax was put in, the tax has been removed. Eventually,

these ships will likely return.

Column 4

This column lists the percentage of all non-tanker ships
which travelled north from (or to) the ports of Los Angeles and
Long Beach in November 1994 as reported by the Merchant Exchange.

Column 5

This column describes fuel consumption in gallons per hour.
This data is from the Ports' inventory of ship emissions.



Column 6

This column describes average cruising speed in knots per
hour. This data is from the Ports' inventory of ship emissions.

Column 7

This column is the zum of Columns 2 and 3.

Column_8

This column is an estimate of the number of trips which
would have been within the channel and would now be outside of

it.
Celumn 9

This column estimates the total costs for each type of ship
in dollars. The equation is (total ships affected - Column 8)
* (cost of fuel)* (1/speed traveled - Column 6)* {(# of nautical
miles out of the way ships must travel)* (fuel consumption -

Column 5) .

1994 fuel costs were estimated by Kenny Levin of Sea Worthy
Systems as 37-38 cents/gallon. Number of nautical miles out of
the way is estimated at 15. This number could be as low as 0
given that San Francisco is 100 miles west of Los Angeles and
thus most of the distance traveled would need to be traveled

anyway.

The costs are totalled just below the individual costs.
Dollars per ton were calculated by dividing by 16.8 (12 tons in
Ventura and 4.8 tons (20% of the total ship inventory} in the

South Coast).
Column 10

This column estimates costs per ship by dividing Column $ by
Column 8.



